Background
Introduction
The International Classification of Diseases defines a term pregnancy as a delivery between 259 days (37 weeks 0 days) and 293 days (41 weeks 6 days).
[1] Increasing evidence indicates that births between 37 weeks 0 days and 38 weeks 6 days are associated with an increased mortality and morbidity [2] [3] [4] [5] [6] and redefining "term pregnancy" has therefore been proposed, [5, 7, 8] for example to classify early-term birth as delivery between 37 weeks 0 day and 38 weeks 6 days, full-term birth as delivery between 39 weeks 0 day through 40 weeks 6 days, and late-term birth as delivery between 41 weeks 0 day through 41 weeks 6 days. [9] To our best knowledge that all the evidences were based on completed gestational week. However, fetal growth and development is rapid and using completed gestational week may be too crude. Little is known about mortality across gestational age measured in days among children born at term.
We conducted a descriptive population-based cohort study to examine trends in all-cause mortality including early-neonatal mortality, neonatal mortality, infant mortality, and five-year mortality according to gestational age measured in days among children born at term (from day 259 through day 293 of gestation). We took maternal morbidity during pregnancy, stillbirth, and congenital malformation into consideration.
Materials and Methods

Ethic Statement
According to Danish law, register-based studies do not require consent from individuals when personal identifiers are encrypted and stored by a trusted third party (Statistic Denmark). This study was approved by the Danish Data Protection Agency (J.nr.2008-41-2680).
Study population
We identified live-born singletons of women giving birth from January 1 1997 to December 31 2004 in Denmark (N = 504,519) according to the Danish Medical Birth Register (DMBR) which includes all births in Denmark since 1973. [10] DMBR holds information on maternal age, maternal parity at birth, gestational age, and birth weight. [10] All live-born children and new residents in Denmark are assigned a unique civil registration number, which we used to link information from several national registries at the individual level.
Gestational age
Information on gestational age was reported in days by the midwife attending the delivery using a mandatory coding sheet. [11] Antenatal care is tax paid in Denmark and ultrasound measurements have been widely used to determine gestational age in nearly all pregnancies since 1995. [12, 13] Gestational age was measured based on either early biparietal diameter (BPD) measurement or detailed information on the woman's last menstrual period (LMP). [14] A discrepancy may exist between gestational age estimated by LMP and BPD [15, 16] and a difference between the two methods exceeding 1 or 2 weeks, gestational age estimated from LMP will be "corrected" according to local ultrasound guidelines. [14] Outcomes: mortality
We explored both short-term and longer-term all-cause mortality rates. Early-neonatal mortality was any death up to 7 days after birth, neonatal mortality was any death up to 28 days after birth, infant mortality was any death up to 365 days after birth, and five-year mortality was any death up to 1825 days after birth. 
Covariates
Congenital malformations and stillbirth
Information on any congenital malformation obtained from the Danish Hospital Register using ICD-10: Q00 -Q99. Information on stillbirth obtained from the Denmark statistics and the Danish Hospital register.
Maternal morbidity
We identified all hospital records within one year before delivery or within 30 days after delivery except for hospital visit due to prenatal care (ICD10 codes: Z00 -Z99) and delivery (ICD10 codes: O80 -O84).
Statistical Analyses
We used Cox regression model to estimate hazard ratios (HRs) with 95% confidence interval (95% CI). Children were followed from birth, until death, emigration, the end day of the defined mortality period (7, 28, 365, or 1825 days after birth), or December 31 2009, whichever came first to estimate hazard ratios for earl-neonatal mortality, neonatal mortality, infant mortality, and five-year mortality, respectively. Statistical analyses were performed using STATA version 11 (Stata Corp., College Station, Texas, USA). Mortality by gestational age in days was modelled by using restricted cubic splines with four knots (266 days, 273 days, 280 days, and 287 days) and using 280 days of gestational age as the reference. We performed crude, adjusted, and restricted analyses. In Model 1, results were adjusted for caesarean section (yes or no), maternal age (<25, 25-30, 30-35, > = 35), parity (1, 2, and 3), and birth year (1997-1999, 2000-2002, 2003-2005, and 2006-2008) . In Model 2, the results were additionally adjusted for maternal education (low, middle, and high) and maternal cohabitant status during birth (yes, no). Afterwards, we restricted our analyses to pregnancies without any registered morbidity within one year before delivery or within 30 days after delivery using the same adjustments as in Model 2. Finally, we restricted our analyses to children without any congenital malformations.
Sensitivity analyses
In order to know how sensitive when gestational days are grouped as gestational week, we repeated the above analyses by categorizing gestational age in days into week 37 (between 259 and 265 days), week 38 (between 266 and 272 days), week 39 (between 273 and 279 days), week 40 (between 280 and 286 days), and week 41 (between 287 and 293 days). We also explored the distribution of the stillbirth according gestational age in days.
Results
Among live-born singletons born between January 1 1997 and December 31 2004 in Denmark (N = 504,519), we excluded children who were adopted (n = 3,512), singletons whose mothers were not of Danish origin (N = 66,025), maternal parity at birth larger than three (N = 17,257), missing information on gestational age (N = 1,871), gestational age less than 259 days (N = 19,932) or larger than 293 days (N = 35,544) leaving 360,765 singletons in the study population. We also generated a subset of the study population with 359,655 singletons after excluding singletons with missing information on maternal education (N = 1,105) and maternal cohabitant status (N = 5) (Fig 1) . A total of 360,375 singletons were born between 259 and 293 days of gestation from 1997 to 2004. The proportion of early term birth (between 37 weeks 0 days and 38 weeks 6 days) increased with birth year while late term birth (between 41 week 0 and 7 days) decreased. The proportion of caesarean section was higher among children born early-term (Table 1) . Compared to mortality of singletons born at 280 days of gestational age, the highest mortality was found among singletons born at week 37 of gestational age. Mortality decreased with increasing gestational age in days until 280 days of gestation. (Figs 2-5) .
When excluding pregnancies with any morbidity within one year before delivery or within 30 days after delivery, early-neonatal mortality and neonatal mortality attenuated and were no longer significant but similar patterns were observed for infant mortality and five-year mortality. When further excluding children with congenital malformation, mortality at 37 of gestation remained significant higher for early-neonatal mortality, neonatal mortality, and infant mortality but not for five-year mortality (Fig 6) .
When gestational age in days was categorized as week, an increased mortality remained higher (Fig 7) for children born week 37 for early-neonatal mortality (HR3.02, 95%CI: 1.00-9.09), neonatal mortality (HR = 3.91, 95%CI: 1.48-10.33), and infant mortality (HR = 2.68, 95%CI: 1.31-5.45) even excluding children born with any congenital malformations but not for five-year mortality (HR = 1.42, 95%CI: 0.78-2.59).
Information on gestational age was obtained for 1,527 stillbirth out of a total of 1,549 stillbirths (98.6%) from 1997 to 2004. A total of 720 (47.2%) of term stillbirths took place between 37 and 41 of gestational week and 11 out of 720 stillbirth only had information on completed gestational week but missing data on gestational days.). The highest proportion of stillbirth was observed at 37 of gestational age (Fig 8) . 
Discussion
The highest risk of death was observed for children born at week 37 of gestational week. Both short-term and long-term mortality decreased with increasing gestational age in days.
When gestational age in days was classified as gestational week, the mortality for children born at 37-gestataion was higher compared to later-term birth [4, 6, 18 ,19] but we did not observe an increased mortality for children born at 38-gestataion. Therefore, classifying both 37 and 38 weeks of gestation as early-term will hide the true underlying mortality for children born in week 37.
A spontaneous childbirth before its optimal due date has reasons it could be diseases in the mother or the child to explain the increased child mortality. [20] The attenuation of mortality when pregnancies with any morbidity before and during pregnancy were excluded shown as expected that maternal morbidity affect mortality in the offspring. However, short term (including early-neonatal, neonatal, and infant) mortality remained higher but not for longterm (five-year) morality after excluding pregnancies with any registered morbidity within one year before delivery or within 30 days after delivery and excluding births with any congenital malformations, which could indicate that the timing of birth is a risk factor in itself and it is independently associated with at least short term mortality. Therefore, using the label 'early term' for babies being born in 37 week may give a most justified message.
We had almost complete follow-up and selection bias does not explain the results. The trend of stillbirth also decreased with increasing gestational age and highest risk of stillbirth was also observed at 37 of gestational week. We could adjust for several potential confounders (1997-1999, 2000-2002, 2003-2005, and 2006-2008) . Model 2, the results were additionally adjusted for maternal education (low, middle, and high) and maternal cohabitant status during birth (yes, no). Restricted analyses: the analyses were restricted to pregnancies without registered morbidity within one year before delivery or within 30 days after delivery using the same adjustments in Model 2. (1997-1999, 2000-2002, 2003-2005, and 2006-2008) . Model 2, the results were additionally adjusted for maternal education (low, middle, and high) and maternal cohabitant status during birth (yes, no). Restricted analyses: the analyses were restricted to pregnancies without registered morbidity within one year before delivery or within 30 days after delivery using the same adjustments in Model 2.
doi:10.1371/journal.pone.0144754.g005 Hazard ratios for mortality according to gestational age in weeks. M1: Model 1, the results were adjusted for caesarean section (yes or no), maternal age (<25, 25-30, 30-35, > = 35), parity (1, 2, and 3), and birth year (1997-1999, 2000-2002, 2003-2005, and 2006-2008) . M2: model 2, the results were additionally adjusted for maternal education (low, middle, and high) and maternal cohabitant status during birth (yes, no). R1: Restricted analyses 1, the analyses were restricted to pregnancies without registered morbidity within one year before delivery or within 30 days after delivery using the same adjustments in Model 2. R2: Restricted analyses 2: the analyses were further restricted to pregnancies without registered morbidity within one year before delivery or within 30 days after delivery and children without any registered congenital malformations using the same adjustments in Model 2. but not for maternal smoking, maternal body mass index, but restricting analyses among pregnancies without any comorbidity should reflect true mortality of children born to healthy or health-conscious pregnancies.
Pregnancies with parity equal or bigger than four may be different in many ways compared to pregnancies with parities smaller than four. In order to disentangle when gestational age is independently associated with mortality, we excluded any pregnancies with parity equal or bigger than four, therefore, the findings may not necessarily reflect this population.
Conclusions
This study shows heterogeneity in mortality rates among singletons born at term according to gestational age in days. The highest mortality and stillbirth was observed in children born at 37 weeks of gestation, therefore, 37 weeks of gestational age should be categorized as early term birth. Gestational age is independently associated with short term mortality but longer followup is needed to observer if gestational age is independently associated with long-term mortality.
